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OPERATOR PROVIDES A FRAME MEMBER HAVING FIRST, SECOND, THIRD AND FOURTH
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OPERATOR PROVIDES FIRST AND SECOND BATTERY CELLS
1806\
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APERTURES EXTENDING THERETHROUGH
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OPERATOR POSITIONS THE THIRD SHOULDER BOLT SUCH THAT THE THIRD HEAD PORTION IS DISPOSED
AGAINST THE FIRST END PLATE AND THE THIRD SHAFT PORTION EXTENDS THROUGH THE THIRD
APERTURE OF THE FIRST END PLATE AND THE THIRD APERTURE OF THE FRAME MEMBER,

AND THE THIRD SHOULDER PORTION IS DISPOSED AGAINST THE SECOND END PLATE AND THE THIRD
THREADED PORTION EXTENDS THROUGH THE THIRD APERTURE OF THE SECOND
END PLATE AND IS THREADABLY RECEIVED IN A THIRD NUT DISPOSED AGAINST THE SECOND END PLATE

] 344\
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THREADED PORTION EXTENDS THROUGH THE FOURTH APERTURE OF THE SECOND
END PLATE AND IS THREADABLY RECEIVED IN A FOURTH NUT DISPOSED AGAINST THE SECOND END PLATE

FIG. 24
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BATTERY MODULE AND METHOD FOR
ASSEMBLING THE BATTERY MODULE

BACKGROUND

The inventors herein have recognized a need for an
improved battery module and a method for assembling the
battery module.

SUMMARY

A battery module in accordance with an exemplary
embodiment 1s provided. The battery module includes a first
end plate having first, second, third and fourth apertures
extending therethrough. The battery module turther includes
a frame member having first, second, third, and fourth aper-
tures extending therethrough. The battery module further
includes a first battery cell disposed between the first end
plate and the frame member. The battery module further
includes a second end plate having first, second, third and
tourth apertures extending therethrough. The battery module
turther 1includes a second battery cell disposed between the
second end plate and the frame member. The battery module
turther includes a first shoulder bolt having a first head por-
tion, a first shatt portion, a first shoulder portion, and a first
threaded portion. The first shait portion has a first end and a
second end. The first end of the first shaft portion extends
from the first head portion. The first shoulder portion 1s dis-
posed at the second end of the first shait portion. The first
threaded portion extends from the second end of the first shaft
portion. The first shoulder bolt 1s disposed such that the first
head portion 1s disposed against the first end plate and the first
shaft portion extends through the first aperture of the first end
plate and the first aperture of the frame member, and the first
shoulder portion 1s disposed against the second end plate and
the first threaded portion extends through the first aperture of
the second end plate and 1s threadably received 1n a first nut
disposed against the second end plate.

A method of assembling a battery module 1n accordance
with another exemplary embodiment 1s provided. The
method includes providing a first end plate having first, sec-
ond, third and fourth apertures extending therethrough. The
method further includes providing a frame member having,
first, second, third, and fourth apertures extending there-
through. The method further includes providing first and sec-
ond battery cells. The method further includes providing a
second end plate having first, second, third and fourth aper-
tures extending therethrough. The method further includes
providing a first shoulder bolt having a first head portion, a
first shaft portion, a first shoulder portion, and a first threaded
portion. The first shaft portion has a first end and a second end.
The first end of the first shait portion extends from the first
head portion. The first shoulder portion 1s disposed at the
second end of the first shaft portion. The first threaded portion
extends from the second end of the first shaft portion. The
method further includes disposing the first battery cell
between the first end plate and the frame member. The method
turther includes disposing the second battery cell between the
second end plate and the frame member. The method further
includes positioning the first shoulder bolt such that the first
head portion 1s disposed against the first end plate and the first
shaft portion extends through the first aperture of the first end
plate and the first aperture of the frame member, and the first
shoulder portion 1s disposed against the second end plate and
the first threaded portion extends through the first aperture of
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the second end plate and 1s threadably received 1n a first nut
disposed against the second end plate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic of a battery module 1n accordance
with an exemplary embodiment;

FIG. 2 1s another schematic of the battery module of FIG.
1

FIG. 3 1s a block diagram of a battery system utilizing the
battery module of FIG. 1;

FI1G. 4 15 a cross-sectional schematic of the battery module
of FIG. 1;

FIG. 5 1s a schematic 1llustrating a top view of the battery
module of FIG. 1;

FIG. 6 1s a schematic illustrating a bottom view of the
battery module of FIG. 1;

FIG. 7 1s a cross-sectional schematic of the battery module
of FIG. 1;

FIG. 8 1s an enlarged cross-sectional schematic of a portion
of the battery module of FIG. 1;

FIG. 9 1s another cross-sectional schematic of the battery
module of FIG. 1;

FIG. 10 1s another cross-sectional schematic of the battery
module of FIG. 1;

FIG. 11 1s an enlarged cross-sectional schematic of a por-
tion of the battery module of FIG. 1;

FIG. 12 1s another enlarged cross-sectional schematic of a
portion of the battery module of FIG. 1;

FIG. 13 1s a schematic of a portion of the battery module of
FIG. 1 illustrating electrical terminals extending therefrom:;

FIG. 14 1s a schematic of a frame member utilized 1n the
battery module of FIG. 1;

FIG. 151s a cross-sectional schematic of the frame member
of FIG. 14;

FIG. 16 1s a schematic of a portion of the frame member of
FIG. 14;

FIG. 17 1s another schematic of a portion of the frame
member of FIG. 14;

FIG. 18 1s a cross-sectional schematic of a portion of the
frame member of FIG. 14;

FIG. 19 1s a schematic of the first and second thermally
conductive plates utilized to form flow channels 1n the frame
member of FIG. 14;

FIG. 20 1s a cross-sectional schematic of the first and
second thermally conductive plates of FIG. 19;

FIG. 21 1s an enlarged cross-sectional schematic of a por-
tion of the first and second thermally conductive plates of
FIG. 19;

FIGS. 22-24 are tlowcharts a method for assembling the
battery module of FIG. 1 1n accordance with another exem-
plary embodiment;

FIG. 25 1s another schematic of the battery module of FIG.
1 having electrical terminals; and

FIG. 26 1s a schematic of a battery cell utilized in the
battery module of FIG. 1.

DETAILED DESCRIPTION

Referring to FIGS. 1-4, a battery system 10 having a bat-
tery module 20, an air cooling system 30, and conduits 40, 42
1s 1llustrated. The air cooling system 30 moves air through the
conduit 40 and the battery module 20 and then through the
conduit 42 for cooling battery cells within the battery module
20.

Referring to FIGS. 3-10, the battery module 20 includes
end plates 100, 102, battery cells 120, 122, 124, 126, 128,
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130, 132,134,136, 138, 140, 142, 144, 146, 148, 150, frame
members 180,182, 184, 186, 188, 190, 192, 194, first, second,
third, and fourth shoulder bolts 220, 222, 224, 226, nuts 240,
242, 244, 246, and manifolds 260, 262.

Referring to FIGS. 7 and 9, the end plates 100, 102 are

provided to hold the remaiming components of the battery
module 20 therebetween. In one exemplary embodiment, the
end plates 100, 102 are constructed of steel. The end plate 100
includes apertures 320, 322, 324, 326 extending therethrough

for recerving portions of shoulder bolts therethrough. The end
plate 102 includes apertures 420, 422, 424, 426 cxtending
therethrough for receiving portions of shoulder bolts there-

through.
Referring to FIGS. 7, 13, 25 and 26, the battery cells

120-150 have a substantially similar structure. Thus, only the
structure of the battery cell 120 will be described 1n greater
detail below. In one exemplary embodiment, the battery cells
120-150 are clectrically coupled 1n series to one another.
Further, in one exemplary embodiment, the battery cells 120-
150 are lithrum-1on battery cells. Of course, 1n alternative
embodiments, the battery cells 120-150 could be other types
of battery cells known to those skilled 1n the art. The battery
cell 120 includes a body portion 502 and electrical terminals

504, 506 extending from opposite ends of the body portion
502.

Referring to FIGS. 4-6 and 14, the frame members 180-194
are provided to hold the battery cells therebetween and to
allow air to flow through the frame members 180-194 to cool
the battery cells.

The frame member 180 15 disposed between the end plate
100 and the frame member 182. The battery cell 120 1s dis-
posed between the frame member 180 and the end plate 100.
Also, the battery cells 122, 124 are disposed between the
frame members 180, 182 and the body portions of the battery
cells 122, 124 are surrounded by the frame members 180,
182.

The frame member 182 1s disposed between the frame
member 180 and the frame member 184. The battery cells
126, 128 are disposed between the frame members 182, 184
and the body portions of the battery cells 126, 128 are sur-
rounded by the frame members 182, 184.

The frame member 184 1s disposed between the frame
member 182 and the frame member 186. The battery cells
130, 132 are disposed between the frame members 184, 186
and the body portions of the battery cells 130, 132 are sur-
rounded by the frame members 184, 186.

The frame member 186 1s disposed between the frame
member 184 and the frame member 188. The battery cells
134, 136 are disposed between the frame members 186, 188
and the body portions of the battery cells 134, 136 are sur-
rounded by the frame members 186, 188.

The frame member 188 1s disposed between the frame
member 186 and the frame member 190. The battery cells
138, 140 are disposed between the frame members 188, 190
and the body portions of the battery cells 138, 140 are sur-
rounded by the frame members 188, 190.

The frame member 190 1s disposed between the frame
member 188 and the frame member 192. The battery cells
142, 144 are disposed between the frame members 190, 192
and the body portions of the battery cells 142, 144 are sur-
rounded by the frame members 190, 192.

The frame member 192 1s disposed between the frame
member 190 and the frame member 194. The battery cells
146, 148 are disposed between the frame members 192, 194
and the body portions of the battery cells 146, 148 are sur-
rounded by the frame members 192, 194.
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The frame member 194 1s disposed between the frame
member 192 and the end plate 102. The battery cell 150 1s
disposed between the frame member 194 and the end plate
102 and the body portion of the battery cell 150 1s surrounded
by the frame member 194 and the end plate 102.

The frame members 180-194 have an identical structure
and only the structure of the frame member 180 will be
described 1n greater detail below. Referring to FIGS. 5, 6 and
14-17, the frame member 180 includes first and second sides
600, 603, first, second, third, and fourth peripheral walls 610,
620, 630, 640, first and second thermally conductive plates
650, 660, and first and second elastomeric sealing members
670, 680. In one exemplary embodiment, the {first, second,
third and fourth peripheral walls 610, 620, 630, 640 define a
substantially rectangular ring-shaped frame and are centered
symmetrically about a plane 641 extending through the walls
610, 620, 630, 640. The first and second peripheral walls 610,
620 are substantially parallel to one another and are disposed
between and coupled to the third and fourth peripheral walls
630, 640. The third and fourth peripheral wall 630, 640 are
substantially parallel to one another and are substantially
perpendicular to the first and second peripheral walls 610,
620. The first, second, third and fourth peripheral walls 610,
620, 630, 640 define an open interior region 642 (shown 1n
FIG. 16) therebetween. In one exemplary embodiment, the
first, second, third, and fourth peripheral walls 610, 620, 630,
640 are constructed of plastic.

The first peripheral wall 610 1includes a plurality of aper-
tures 710 extending therethrough. The plurality of apertures
710 include apertures 712, 714, 716, 718,720,722, 724. The
plurality of apertures 710 are configured to receive air flowing
therethrough for cooling battery cells.

The second peripheral wall 620 includes a plurality of
apertures 810 extending therethrough. The plurality of aper-
tures 810 include apertures 812, 814, 816, 818, 820, 822, 824.
The plurality of apertures 810 are configured to recetve air
flowing therethrough for cooling battery cells.

The third peripheral wall 630 includes an outlet 830 (e.g.,
a groove) extending into the first side 600, and an outlet 832
(e.g., a groove) extending 1nto the second side 605. Alterna-
tively, the outlets 830, 832, could be apertures extending
through the third peripheral wall 630. The outlets 830,832 are
configured to recerve an electrical terminal 504 and another
clectrical terminal, respectively, of the battery cells 120, 122
therethrough. Further, the outlets 830, 832 are configured to
route any gases from the battery cells 120, 122 past the asso-
ciated electrical terminals to outside of the frame member 180
if the battery cells 120, 122 output gases therefrom. The third
peripheral wall 630 turther includes peripheral corner regions
840, 842 having apertures 920, 922 respectively, extending
therethrough. The apertures 920, 922 are configured to
receive portions of the shoulder bolts 220, 222, respectively,
therethrough.

The fourth peripheral wall 640 includes an outlet 1030
(e.g., a groove) extending into the first side 600, and an outlet
1032 (e.g., a groove) extending into the second side 605.
Alternatively, the outlets 1030, 1032, could be apertures
extending through the fourth peripheral wall 640. The outlets
1030, 1032 are configured to recerve an electrical terminal
506 and another electrical terminal, respectively, of the bat-
tery cells 120, 122 therethrough. Further, the outlets 1030,
1032 are configured to route any gases from the battery cells
120, 122 past the associated electrical terminals to outside of
the frame member 180 11 the battery cells 120, 122 output
gases therefrom. The fourth peripheral wall 640 further
includes peripheral corner regions 1040, 1042 having aper-
tures 1020, 1022 respectively, extending therethrough. The
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apertures 1020, 1022 are configured to receive portions of the
shoulder bolts 224, 226, respectively, therethrough.

Referring to FIGS. 4 and 18-21, the first and second ther-

mally conductive plates 650, 660 are configured to conduct
heat energy away from adjacent battery cells into air flowing,
between the plates 650, 660. In one exemplary embodiment,
the first and second thermally conductive plates 650, 660 are
constructed of steel and have corrugated cross-sectional pro-
files which define a plurality of flow channels therebetween.
Of course, 1n alternative embodiments, other thermally con-
ductive materials known to those skilled 1n the art could be
utilized to construct the plates 650, 660. The first and second
thermally conductive plates 6350, 660 are fixedly coupled
together via weld joints. In one exemplary embodiment, the
first, second, third, and fourth peripheral walls 610, 620, 630,

640 are 1njected-molded around portions of the first and sec-
ond thermally conductive plates 650, 660.

The first thermally conductive plate 650 1s coupled to the
first, second, third and fourth peripheral walls 610, 620, 630,

640 to enclose the open interior region 642 proximate to the
first side 600 of the frame member 180. The first thermally
conductive plate 650 1s disposed against the battery cell 120.
An area of a side of the first thermally conductive plate 650 1s
substantially equal to an area of a side of a body portion of the
battery cell 120 adjacent to the first thermally conductive
plate 650. The first thermally conductive plate 650 includes
tread portions 1050, 1052, 1054, 1056, 1058, 1060, 1062,
1064 and ridge portions 1070, 1072, 1074,1076, 1078, 1080,
1082, 1084.

The second thermally conductive plate 660 1s coupled to
the first, second, third and fourth peripheral walls 610, 620,
630, 640 to enclose the open 1nterior region 642 proximate to
the second side 605 of the frame member 180. The second
thermally conductive plate 660 1s disposed against the battery
cell 122. An area of a side of the second thermally conductive
plate 660 1s substantially equal to an area of a side of a body
portion of the battery cell 122 adjacent to the second ther-

mally conductive plate 660. The second thermally conductive
plate 660 includes tread portions 1150, 1152, 1154, 1156,

1158,1160, 1162, 1164 and ridge portions 1170, 1172, 1174,
1176,1178,1180,1182, 1184. The tread portions 1150, 1152,
1154, 1156, 1158, 1160, 1162, 1164 of the second thermally
conductive plate 660 are disposed against the tread portions
1050, 1052, 1054, 1056, 1058, 1060, 1062, 1064, respec-
tively, of the first thermally conductive plate 650.

The ndge portions 1170, 1172, 1174, 1176, 1178, 1180,
1182, 1184 of the second thermally conductive plate 660 are
disposed opposite to the ridge portions 1070, 1072, 1074,
1076, 1078, 1080, 1082, 1084, respectively, of the first ther-
mally conductive plate 650, to form flow channels 1270,
1272, 1274, 1276, 1278, 1280, 1282, respectiully therebe-
tween. The plurality of flow channels 1270-1282 comprise a
plurality of flow channels 1190.

Referring to FIGS. 5, 6, 11, 12 and 20, the apertures 712,
714,716,718,720,722, 724 in the first penpheral wall 610 of
the frame member 180 fluidly communicate with a first end of
the flow channels 1270, 1272, 1274, 1276, 1278, 1280, 1282,
respectlvely Further, the apertures 812, 714, 816, 818, 820,
822, 824 in the second peripheral wall 620 of the frame
member 180 fluidly communicate with a second end of the
flow channels 1270, 1272, 1274, 1276, 1278, 1280, 1282,
respectively. During operation, air flows through the aper-
tures 712, 714, 716, 718, 720, 722, 724 and through the flow
channels 1270, 1272, 1274, 1276, 1278, 1280, 1282, respec-
tively and further through the apertures 812, 714, 816, 818,

820, 822, 824, respectively, to extract energy {from battery
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cells 120, 122 adjacent to the first and second thermally
conductive plates 650, 660, respectively.

Referring to FIGS. 4 and 14, the frame member 180
includes first and second elastomeric sealing members 670,
680 disposed on the first and second peripheral walls 610,
620, respectively. The first and second elastomeric sealing
members 670, 680 direct any gases output by the battery cells
122, 124 to be directed toward the outlets 832, 1032 which
then exit the outlets 832, 1032 to outside of the frame member
180 and the battery module 20. Thus, a tlow path of any gases
output by the battery cells 1s 1solated and separate from the
plurality of flow paths 1190 through the first and second
thermally conductive plates 650, 660.

Retferring to FIGS. 2, 7 and 9, the first, second, third, and
fourth shoulder bolts 220, 222, 224, 226 are provided to
couple the end plate 100, the frame members 180-194, and the
end plate 102 together. Also, alength of a shait portion of each
of shoulder bolts sets a distance between the end plates 100,
102 and thus a longitudinal force applied to each of the frame
members 180-194.

The first shoulder bolt 220 includes a head portion 1400, a
shaft portion 1410, a shoulder portion 1420, and a threaded
portion 1430. The shaft portion 1410 has a first end 1412 and
a second end 1414. The first end 1412 extends from the head
portion 1400. The shoulder portion 1420 1s disposed at the
second end 1414 of the shait portion 1410. The threaded
portion 1430 extends from the second end 1414 of the shaft
portion 1410.

The first shoulder bolt 220 1s disposed such that the head
portion 1400 1s disposed against the first end plate 100 and the
shaft portion 1410 extends through the aperture 320 of the
first end plate 100 and the aperture 920 of the frame member
180 and each respective adjacent aperture in the frame mem-
bers 182-194, and the shoulder portion 1420 1s disposed
against the second end plate 102 and the threaded portion
1430 extends through the aperture 420 of the second end plate
102 and 1s threadably recerved 1n a nut 240 disposed against
the second end plate 102.

The second shoulder bolt 222 includes a head portion 1500,
a shatt portion 1510, a shoulder portion 1520, and a threaded
portion 1530. The shatt portion 1510 has a first end 1512 and
a second end 1514. The first end 1512 extends from the head
portion 1500. The shoulder portion 1520 1s disposed at the
second end 1514 of the shait portion 1510. The threaded
portion 1530 extends from the second end 1514 of the shaft
portion 1510.

The second shoulder bolt 222 1s disposed such that the head
portion 1500 1s disposed against the first end plate 100 and the
shaft portion 1510 extends through the aperture 322 of the
first end plate 100 and the aperture 922 of the frame member
180 and each respective adjacent aperture in the frame mem-
bers 182-194, and the shoulder portion 1520 1s disposed
against the second end plate 102 and the threaded portion
1530 extends through the aperture 422 of the second end plate
102 and 1s threadably recerved 1n a nut 242 disposed against
the second end plate 102.

The third shoulder bolt 224 includes a head portion 1600, a
shaft portion 1610, a shoulder portion 1620, and a threaded
portion 1630. The shaft portion 1610 has a first end 1612 and
a second end 1614. The first end 1612 extends from the head
portion 1600. The shoulder portion 1620 1s disposed at the
second end 1614 of the shaft portion 1610. The threaded
portion 1630 extends from the second end 1614 of the shaft
portion 1610.

The third shoulder bolt 224 1s disposed such that the head
portion 1600 1s disposed against the first end plate 100 and the
shaft portion 1660 extends through the aperture 324 of the
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first end plate 100 and the aperture 1020 of the frame member
180 and each respective adjacent aperture 1n the frame mem-
bers 182-194, and the shoulder portion 1620 1s disposed
against the second end plate 102 and the threaded portion
1630 extends through the aperture 424 of the second end plate
102 and 1s threadably recerved 1n a nut 244 disposed against
the second end plate 102.

The fourth shoulder bolt 226 includes a head portion 1700,
a shaftt portion 1710, a shoulder portion 1720, and a threaded
portion 1730. The shatt portion 1710 has a first end 1712 and
a second end 1714. The first end 1712 extends from the head
portion 1700. The shoulder portion 1720 1s disposed at the
second end 1714 of the shait portion 1710. The threaded
portion 1730 extends from the second end 1714 of the shaft
portion 1710.

The fourth shoulder bolt 226 1s disposed such that the head
portion 1700 1s disposed against the first end plate 100 and the
shaft portion 1760 extends through the aperture 326 of the
first end plate 100 and the aperture 1022 of the frame member
180 and each respective adjacent aperture in the frame mem-
bers 182-194, and the shoulder portion 1720 1s disposed
against the second end plate 102 and the threaded portion
1730 extends through the aperture 426 of the second end plate
102 and 1s threadably recerved 1n a nut 246 disposed against
the second end plate 102.

Referring to FIGS. 3 and 4, the manifold 260 1s configured
to route air from the conduit 40 1nto the apertures in the first
peripheral walls (e.g., upper walls) of the frame members
180-194 which flows through the plurality of flow channels
1190 to the apertures in the second peripheral walls (e.g.,
lower walls) of the frame members 180-194. The manifold
262 1s configured to receive the air from the apertures 1n the
second peripheral walls of the frame members 180-194 and to
route the air into the conduit 42. The conduit 42 routes the air
to the air cooling system 30.

Referring to FIGS. 7,9 and 22-24, a flowchart of a method
for assembling the battery module 20 1n accordance with
another exemplary embodiment 1s provided. For purposes of
simplicity, the method will only describe the assembly pro-
cess utilizing first and second battery cells and a single frame
member. Of course, 1t should be understood that the method
can be implemented utilizing a plurality of additional frame
members and a plurality of additional battery cells.

Atstep 1800, an operator provides the end plate 100 having
the apertures 320, 322, 324, 326 extending therethrough.

At step 1802, the operator provides the frame member 180
having the apertures 920, 922, 1020, 1022 extending there-
through.

At step 1804, the operator provides the battery cells 120,
122.

At step 1806, the operator provides the end plate 102 hav-
ing the apertures 420, 422, 424, 426 extending therethrough.

At step 1808, the operator provides the first shoulder bolt
220 having the head portion 1400, the shait portion 1410, the
shoulder portion 1420, and the threaded portion 1430. The
shaft portion 1410 has the first end 1412 and the second end
1414. The first end 1412 of the shaft portion 1410 extends
from the head portion 1400. The shoulder portion 1420 1s
disposed at the second end 1414 of the shaft portion 1410. The
threaded portion 1430 extends from the second end of the
shaft portion 1410.

At step 1810, the operator provides the second shoulder
bolt 222 having the head portion 1500, the shait portion 1510,

the shoulder portion 1520, and the threaded portion 1530. The
shaft portion 1510 has the first end 1512 and the second end
1514. The first end of the shaft portion 1510 extends from the
head portion 1500. The shoulder portion 1520 1s disposed at
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the second end 1514 of the shait portion 1510. The threaded
portion 1530 extends from the second end 1514 of the shaft
portion 1510.

At step 1820, the operator provides the shoulder bolt 224
having the head portion 1600, the shaft portion 1610, the
shoulder portion 1620, and the threaded portion 1630. The
shaft portion 1610 has the first end 1612 and the second end
1614. The first end 1612 of the shaft portion 1610 extends
from the head portion 1600. The shoulder portion 1620 1s
disposed at the second end 1614 of the shait portion 1610. The
threaded portion 1630 extends from the second end 1614 of
the shaft portion 1610.

At step 1822, the operator provides the fourth shoulder bolt
226 having the head portion 1700, the shaft portion 1710, the
shoulder portion 1720, and the threaded portion 1730. The
shaft portion 1710 has the first end 1712 and the second end
1714. The first end 1712 of the shaft portion 1710 extends
from the head portion 1700. The shoulder portion 1720 1s
disposed at the second end 1714 of the shait portion 1710. The
threaded portion 1730 extends from the second end 1714 of
the shaft portion 1710.

At step 1824, the operator disposes the battery cell 120
between the end plate 100 and the frame member 180.

At step 1826, the operator disposes the battery cell 122
between the end plate 102 and the frame member 180.

At step 1828, the operator positions the first shoulder bolt
220 such that the head portion 1400 1s disposed against the
end plate 100 and the shaft portion 1410 extends through the
aperture 320 of the end plate 100 and the aperture 920 of the
frame member 180, and the shoulder portion 1420 1s disposed
against the end plate 102 and the threaded portion 1430
extends through the aperture 420 of the end plate 102 and 1s
threadably recerved in the nut 240 disposed against the end
plate 102.

At step 1840, the operator positions the second shoulder
bolt 222 such that the head portion 1500 1s disposed against
the end plate 100 and the shaift portion 1510 extends through
the aperture 322 of the end plate 100 and the aperture 922 of
the frame member 180, and the shoulder portion 1520 1s
disposed against the end plate 102 and the threaded portion
1530 extends through the aperture 422 of the end plate 102
and 1s threadably received 1n the nut 242 disposed against the
end plate 102.

At step 1842, the operator positions the third shoulder bolt
224 such that the head portion 1600 1s disposed against the
end plate 100 and the shait portion 1610 extends through the
aperture 324 of the end plate 100 and the aperture 1020 of the
frame member 180, and the shoulder portion 1620 1s disposed
against the end plate 102 and the threaded portion 1630
extends through the aperture 424 of the end plate 102 and 1s
threadably recerved in the nut 244 disposed against the end
plate 102.

At step 1844, the operator positions the fourth shoulder
bolt 226 such that the head portion 1700 1s disposed against
the end plate 100 and the shaift portion 1710 extends through
the aperture 326 of the end plate 100 and the aperture 1022 of
the frame member 180, and the shoulder portion 1720 1s
disposed against the end plate 102 and the threaded portion
1730 extends through the aperture 426 of the end plate 102
and 1s threadably received 1n the nut 246 disposed against the
end plate 102.

The battery module 20 and the method for assembling the
battery module 20 provide a substantial advantage over other
battery modules and methods. In particular, the battery mod-
ule 20 and method utilize shoulder bolts to couple end plates
and frame members together such that the lengths of the shatt
portions of the shoulder bolts set a distance between the end
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plates and thus a longitudinal force applied to each of the
frame members disposed between the end plates.

While the claimed invention has been described 1n detail in
connection with only a limited number of embodiments, 1t
should be readily understood that the invention 1s not limited
to such disclosed embodiments. Rather, the claimed inven-
tion can be modified to incorporate any number of variations,
alterations, substitutions or equivalent arrangements not
heretofore described, but which are commensurate with the
spirit and scope of the invention. Additionally, while various
embodiments of the claimed invention have been described, 1t
1s to be understood that aspects of the imnvention may include
only some of the described embodiments. Accordingly, the
claimed mvention 1s not to be seen as limited by the foregoing
description.

What 1s claimed 1s:

1. A battery module, comprising:

a first end plate having first, second, third and fourth aper-

tures extending therethrough;

a frame member having first, second, third, and fourth
apertures extending therethrough;

a first battery cell disposed between the first end plate and
the frame member:

a second end plate having first, second, third and fourth
apertures extending therethrough, the second end plate
further having a first side and a second side disposed
opposite to the first side;

a second battery cell disposed between the second end
plate and the frame member;

a first shoulder bolt having a first head portion, a first shaft
portion, a first shoulder portion, and a first threaded
portion; the first shaft portion having a first end and a
second end, the first end of the first shait portion extend-
ing from the first head portion, the first shoulder portion
being disposed at the second end of the first shaft por-
tion, the first threaded portion extending from the second
end of the first shaft portion; and

the first shoulder bolt being disposed such that the first head
portion 1s disposed against the first end plate and the first
shaft portion extends through the first aperture of the first
end plate and the first aperture of the frame member, and
the first shoulder portion being disposed directly against
and contacting the first side of the second end plate and
the first threaded portion extending through the first
aperture of the second end plate and being threadably
received 1n a first nut, and the first nut being disposed
directly against and contacting the second side of the
second end plate.

2. The battery module of claim 1, further comprising:

a second shoulder bolt having a second head portion, a
second shait portion, a second shoulder portion, and a
second threaded portion; the second shatt portion having
a first end and a second end, the first end of the second
shaft portion extending from the second head portion,
the second shoulder portion being disposed at the second
end of the second shait portion, the second threaded
portion extending from the second end of the second
shaft portion; and

the second shoulder bolt being disposed such that the sec-
ond head portion 1s disposed against the first end plate
and the second shatt portion extends through the second
aperture of the first end plate and the second aperture of
the frame member, and the second shoulder portion 1s
disposed against the second end plate and the second
threaded portion extends through the second aperture of
the second end plate and 1s threadably receiwved 1n a
second nut disposed against the second end plate.
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3. The battery module of claim 2, further comprising:

a third shoulder bolt having a third head portion, a third
shaft portion, a third shoulder portion, and a third
threaded portion; the third shaft portion having a first
end and a second end, the first end of the third shaft
portion extending from the third head portion, the third
shoulder portion being disposed at the second end of the
third shaft portion, the third threaded portion extending
from the second end of the third shait portion; and

the third shoulder bolt being disposed such that the third
head portion 1s disposed against the first end plate and
the third shait portion extends through the third aperture
of the first end plate and the third aperture of the frame
member, and the third shoulder portion 1s disposed
against the second end plate and the third threaded por-
tion extends through the third aperture of the second end
plate and 1s threadably received 1n a third nut disposed
against the second end plate.

4. The battery module of claim 3, further comprising:

a fourth shoulder bolt having a fourth head portion, a fourth
shaft portion, a fourth shoulder portion, and a fourth
threaded portion; the fourth shaft portion having a firs
end and a second end, the first end of the fourth shaft
portion extending from the fourth head portion, the
fourth shoulder portion being disposed at the second end
of the fourth shaft portion, the fourth threaded portion
extending from the second end of the fourth shait por-
tion; and

the fourth shoulder bolt being disposed such that the fourth
head portion 1s disposed against the first end plate and
the fourth shait portion extends through the fourth aper-
ture of the first end plate and the fourth aperture of the
frame member, and the fourth shoulder portion 1s dis-
posed against the second end plate and the fourth
threaded portion extends through the fourth aperture of
the second end plate and 1s threadably receiwved 1n a
fourth nut disposed against the second end plate.

5. The battery module of claim 1, wherein the first and

second end plates are constructed of steel.

6. The battery module of claim 5, wherein the frame mem-
ber 1s constructed at least partially of plastic.

7. The battery module of claim 1, wherein the first end plate
has first, second, third, and fourth peripheral corner regions,
the first, second, third, and fourth apertures of the first end
plate extending through the first, second, third, and fourth
peripheral corner regions, respectively, of the first end plate.

8. The battery module of claim 7, wherein the frame mem-
ber has first, second, third, and fourth peripheral corner
regions, the first, second, third, and fourth apertures of the
frame member extending through the first, second, third, and
fourth peripheral corner regions, respectively, of the frame
member.

9. The battery module of claim 7, wherein a distance
between the first and second end plates 1s equal to a longitu-
dinal distance from the first head portion to the first shoulder
portion.

10. A method of assembling a battery module, comprising;:

providing a first end plate having first, second, third and
fourth apertures extending therethrough;

providing a frame member having first, second, third, and
fourth apertures extending therethrough;

providing {irst and second battery cells;

providing a second end plate having first, second, third and
fourth apertures extending therethrough, the second end
plate further having a first side and a second side dis-
posed opposite to the first side;
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providing a first shoulder bolt having a first head portion, a
first shatt portion, a first shoulder portion, and a first
threaded portion; the first shaft portion having a first end
and a second end, the first end of the first shait portion
extending from the first head portion, the first shoulder
portion being disposed at the second end of the first shaft
portion, the first threaded portion extending from the
second end of the first shait portion;

disposing the first battery cell between the first end plate
and the frame member;

disposing the second battery cell between the second end
plate and the frame member; and

positioning the first shoulder bolt such that the first head
portion 1s disposed against the first end plate and the first
shaft portion extends through the first aperture of the first
end plate and the first aperture of the frame member, and
the first shoulder portion 1s disposed directly against and
contacts the first side of the second end plate and the first
threaded portion extends through the first aperture of the
second end plate and 1s threadably received 1n a first nut,
and the first nut 1s disposed directly against and contacts
the second side of the second end plate.

11. The method of claim 10, further comprising;:

providing a second shoulder bolt having a second head
portion, a second shait portion, a second shoulder por-
tion, and a second threaded portion; the second shaft
portion having a first end and a second end, the first end
of the second shait portion extending from the second
head portion, the second shoulder portion being dis-
posed at the second end of the second shait portion, the
second threaded portion extending from the second end
of the second shaift portion; and

positioning the second shoulder bolt such that the second
head portion 1s disposed against the first end plate and
the second shait portion extends through the second
aperture of the first end plate and the second aperture of
the frame member, and the second shoulder portion 1s
disposed against the second end plate and the second
threaded portion extends through the second aperture of
the second end plate and 1s threadably received 1n a
second nut disposed against the second end plate.

12. The method of claim 11, further comprising:

providing a third shoulder bolt having a third head portion,
a third shait portion, a third shoulder portion, and a third
threaded portion; the third shaft portion having a first
end and a second end, the first end of the third shaft
portion extending from the third head portion, the third
shoulder portion being disposed at the second end of the
third shaft portion, the third threaded portion extending
from the second end of the third shait portion; and

positioning the third shoulder bolt such that the third head
portion 1s disposed against the first end plate and the
third shaft portion extends through the third aperture of
the first end plate and the third aperture of the frame
member, and the third shoulder portion i1s disposed
against the second end plate and the third threaded por-
tion extends through the third aperture of the second end
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plate and 1s threadably received 1n a third nut disposed
against the second end plate.

13. The method of claim 12, further comprising:

providing a fourth shoulder bolt having a fourth head por-
tion, a fourth shait portion, a fourth shoulder portion,
and a fourth threaded portion; the fourth shait portion
having a first end and a second end, the first end of the
fourth shaft portion extending from the fourth head por-
tion, the fourth shoulder portion being disposed at the
second end of the fourth shaft portion, the fourth
threaded portion extending from the second end of the
fourth shaft portion; and

positioning the fourth shoulder bolt such that the fourth
head portion 1s disposed against the first end plate and
the fourth shaft portion extends through the fourth aper-
ture of the first end plate and the fourth aperture of the
frame member, and the fourth shoulder portion 1s dis-
posed against the second end plate and the fourth
threaded portion extends through the fourth aperture of
the second end plate and 1s threadably received 1n a
fourth nut disposed against the second end plate.

14. A battery module, comprising:

a first metal end plate having first, second, third and fourth
apertures extending therethrough;

a plastic frame member having first, second, third, and
fourth apertures extending therethrough;

a first battery cell disposed between the first metal end plate
and the plastic frame member;

a second metal end plate having first, second, third and
fourth apertures extending therethrough, the second
metal end plate further having a first side and a second
side disposed opposite to the first side;

a second battery cell disposed between the second metal
end plate and the plastic frame member;

a first shoulder bolt having a first head portion, a first shaift
portion, a first shoulder portion, and a first threaded
portion; the first shaft portion having a first end and a
second end, the first end of the first shaft portion extend-
ing from the first head portion, the first shoulder portion
being disposed at the second end of the first shaft por-
tion, the first threaded portion extending from the second
end of the first shaft portion; and

the first shoulder bolt being disposed such that the first head
portion 1s disposed against the first metal end plate and
the first shait portion extends through the first aperture of
the first metal end plate and the first aperture of the
plastic frame member, and the first shoulder portion
being disposed directly against and contacting the first
side of the second metal end plate, and the first threaded
portion extending through the first aperture of the sec-
ond metal end plate and being threadably recerved 1n a
first nut.

15. The battery module of claim 14, wherein the first nut

being disposed directly against and contacting the second
side of the second metal end plate.
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